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WI-IY CULTIVATE CORN? 

By D. C. WIMER, Chief in Soil Physics 
PROBABLY EVERY FARMER in the corn belt who grows corn cultivates it. Some would give one reason for this practice, some 
another. All might agree that they do it to kill weeds. Many 
would be likely to say that they do it to conserve moisture. Some 
would say that the improved physical condition of the soil encourages 
a better development of the roots of the corn plants. And still other 
reasons would probably be given to justify the cultivation of corn. 
The principal reasons for this practice in the corn belt were made 
clear by a series of experiments at the Illinois Station some years ago. 
These experiments were reported in detail in Bulletin 2591 ; but since 
that publication is now out of print the conclusions and a summary of 
the data are included in this circular. 
A farmer who knows why corn needs to be cultivated will know 
better when it should be cultivated, how often it should be cultivated, 
and how deep or shallow he should set his machine. Principles are 
therefore emphasized here, and no attempt is made to set forth detailed 
directions for specific soils or areas. 
WHAT CULTIVATION TESTS SHOW 
Primary Purpose Is to Kill Weeds 
Altho cultivation of corn has, in many cases, other beneficial effects, 
there is no doubt but that the killing of weeds is its major purpose. 
The results of experiments at this Station and the experience of 
farmers clearly show that good yields of corn cannot be produced in 
fields where weeds are allowed to grow unmolested. For instance, with 
the same preparation of seedbed, a nine-year average of only 7.4 
bushels of corn per acre was produced where weeds were allowed to 
grow, but where weeds were kept down without cultivation the aver­
age was 48.9 bushels. Keeping the weeds down was apparently respon­
sible for an increase of 41.5 bushels yearly. This is easy to understand 
when we realize that weeds compete with the corn plant for nutrients, 
moisture, light, and space, all of which are necessary for the growth 
1 The Cultivation of Corn: Weed Control vs. Moisture Conservation. D. C. 
Wimer and M. B. Harland, 1925. 
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o f  t h e  p l a n t .  O f  t h e s e  e s s e n t i a l s ,  h o w e v e r ,  t h e  w e e d y  c o r n  p r o b a b l y  
s u f f e r s  m o r e  f r o m  a  l a c k  o f  p l a n t  n u t r i e n t s  t h a n  f r o m  a  d e f i c i e n c y  o f  
m o i s t u r e ,  l i g h t ,  o r  s p a c e .  
O n  a n o t h e r  p l o t  w h e r e  w e e d s  w e r e  a l l o w e d  t o  g r o w ,  t h e  p l o t  w a s  
s o  i r r i g a t e d  t h a t  t h e  c o r n  w a s  n o t  d e p r i v e d  o f  m o i s t u r e ,  y e t  t h e  f i v e ­
y e a r  i n c r e a s e  f r o m  i r r i g a t i o n  w a s  o n l y  2 . 5  b u s h e l s  a n  a c r e .  T h i s  i n d i ­
c a t e s  t h a t  a n y  m o i s t u r e  d e f i c i e n c y  d u e  t o  w e e d  g r o w t h  w a s  o f  m i n o r  
s i g n i f i c a n c e  i n  r e d u c i n g  t h e  y i e l d  o f  c o r n .  T h e  c o n s e r v a t i o n  o f  s o i l  
m o i s t u r e ,  h o w e v e r ,  r e s u l t i n g  f r o m  t h e  e l i m i n a t i o n  o f  w e e d s  i n  t h e  
c o r n  s h o u l d  n o t  b e  i g n o r e d  o r  i t s  i m p o r t a n c e  m i n i m i z e d .  W h e n  c o r n  i s  
s t i l l  i n  t h e  e a r l y  s t a g e s  o f  g r o w t h ,  s u c h  c o n s e r v a t i o n  o f  m o i s t u r e  i s  
e s p e c i a l l y  i m p o r t a n t .  
S h a l l o w  E a r l y  C u l t i v a t i o n  I s  B e s t  
S h a l l o w  r a t h e r  t h a n  d e e p  c u l t i v a t i o n  s h o u l d  b e  u s e d  t o  c o n t r o l  
w e e d s  i n  c o r n .  P r o p e r  c u l t i v a t i o n  s h o u l d  k i l l  t h e  w e e d s  w i t h  m i n i m u m  
i n j u r y  t o  t h e  c o r n  r o o t s .  I f  t h e  c o r n  i s  c u l t i v a t e d  w h e n  t h e  w e e d s  a r e  
s m a l l ,  t h e  r o o t s  a r e  l e s s  l i k e l y  t o  b e  i n j u r e d .  A s  t h e  w e e d s  b e c o m e  
b i g g e r  a n d  m o r e  f i r m l y  e s t a b l i s h e d ,  d e e p e r  c u l t i v a t i o n  i s  n e e d e d  t o  
e r a d i c a t e  t h e m ,  a n d  s u c h  c u l t i v a t i o n  c a u s e s  g r e a t e r  i n j u r y  t o  t h e  
c o r n  r o o t s .  
S o i l  M u l c h  N o t  E f f e c t i v e  i n  S a v i n g  M o i s t u r e  
I t  h a s  g e n e r a l l y  b e e n  t h o u g h t  t h a t  t h e  c u l t i v a t i o n  o f  c o r n  i s  n e c e s ­
s a r y  i n  o r d e r  t o  f o r m  a  m u l c h  a s  a  m e a n s  o f  l e s s e n i n g  t h e  l o s s  o f  s o i l  
m o i s t u r e  t h r u  e v a p o r a t i o n .  T h i s  a s s u m p t i o n  l e a d s  t o  t h e  b e l i e f  t h a t  t h e  
d r i e r  t h e  y e a r ,  t h e  g r e a t e r  t h e  n e e d  f o r  c u l t i v a t i o n .  T h e r e  s e e m s  t o  b e  
n o  e v i d e n c e ,  h o w e v e r ,  t o  j u s t i f y  t h e  c o n c l u s i o n  t h a t  a  s o i l  m u l c h  c o n ­
s e r v e s  m o i s t u r e  u n l e s s  t h e  w a t e r  t a b l e  i s  e i t h e r  p e r m a n e n t l y  o r  t e m ­
p o r a r i l y  n e a r  t h e  g r o u n d  s u r f a c e .  I f  i t  i s  n e a r  t h e  s u r f a c e ,  t h e r e  w i l l  
b e  a n  a b u n d a n c e  o f  w a t e r  f o r  p l a n t  g r o w t h ;  a n d  t h e  p r o b l e m  i s  t o  
l o w e r  t h e  w a t e r  t a b l e  r a t h e r  t h a n  t o  l e s s e n  t h e  l o s s  o f  w a t e r  t h r u  
e v a p o r a t i o n .  
A  d r y  c r u s t  i s  p r o b a b l y  j u s t  a s  e f f e c t i v e  i n  c h e c k i n g  t h e  m o v e m e n t  
o f  w a t e r  v a p o r  f r o m  t h e  d e e p e r  l a y e r s  o f  m o i s t  s o i l  t o  t h e  o p e n  a i r  a s  
i s  a  d r y ,  g r a n u l a r  l a y e r  s e r v i n g  a s  a  m u l c h .  I f  t h i s  d r y  t o p  l a y e r  f o r m s  
p r o m p t l y ,  t h e n  i t  i s  c l e a r  t h a t  c u l t i v a t i o n  i s  n o t  n e e d e d  a s  a n  a i d  t o  i t s  
f o r m a t i o n .  I f  i t  d o e s  n o t  f o r m  p r o m p t l y ,  t h e n  c u l t i v a t i o n  w i l l  a s s i s t  i n  
i t s  f o r m a t i o n  b y  i n c r e a s i n g  t e m p o r a r i l y  t h e  r a t e  o f  e v a p o r a t i o n .  F i g .  1  
p e r h a p s  g i v e s  a  c l e a r e r  i d e a  o f  t h e  w a y  i n  w h i c h  a  d r y  t o p  l a y e r  o f  
s o i l  a f f e c t s  e v a p o r a t i o n  t h a n  c a n  b e  g i v e n  b y  d i s c u s s i o n .  
5 Why Cultivate Corn 
Under field conditions the upward movement of capillary water is 
very slow as soon as the saturated cQndition of the soil in early spring 
is past. A dry top layer then forms readily because the amount of 
water evaporated from the surface exceeds the amount brought up by 
capillary rise, and loss by evaporation is thus decreased. 
NO BARRIER TO 

EVAPORATION IS SLOWED DOWN
EVAPORATION 
Water must change to vapor toRate determined 
move thru dry soilby capillary rise 
No dry soil. Moisture 

evaporates at ground level 

') ;'~~D%;1:~:t~;~:t,1t~;~;~~\%H ~~ Evaporating 
surface ~ ~ t t t t t t ~ ~ ~ ~ tt t t t ~ ~ t 
~ A t t r B t 1 t C t 
t t 1 \ ~ ~ ~ t ~ ~ ~ t Moisture is free to rise by capillary action to evaporating surface t t ~ 
t t ~ ~ 1 ~ t 5 1 1 1 
A dry crust or a dry granular mulch slows down the rate at which water 
evaporates from soils. So long as the soil is moist all the way to the 
ground level (A), evaporation is free to go on. Whenever there is a dry 
layer of topsoil (8 and C), the evaporating surface is lowered to the bottom 
of the dry soil, and any further loss must take place by movement of the 
water in the form of vapor thru the dry soil. Since water moves very slowly 
in this way, the loss of soil moisture is greatly lessened. Fig. 1 
From the above it would seem that conservation of moisture is not 
a good reason for cultivating corn except possibly in case of soils which 
crack badly. This conclusion is strengthened by the fact that early in 
the growth period the corn roots become so completely distributed 
between the rows that they intercept any moisture which may be 
brought up by capillary action. Thus there is little chance of the 
moisture reaching the surface and evaporating. 
Fine-Textured Soils Need More Cultivation 
The cultivation needs of corn are usually greater on the heavier 
than on the lighter soils. Soils of a clayey nature are inclined to run 
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t o g e t h e r  w h e n  t h e y  b e c o m e  w e t ;  l a t e r ,  u p o n  d r y i n g ,  t h e y  c r u s t  o v e r  
a n d  c h e c k .  T h e  f o r m a t i o n  o f  a  c r u s t  m a y  b e  o b j e c t i o n a b l e  p a r t l y  b e ­
c a u s e  i t  i n t e r f e r e s  w i t h  a e r a t i o n  a n d  p a r t l y  b e c a u s e  i t  l e s s e n s  w a t e r  
a b s o r p t i o n  a n d  i n c r e a s e s  s u r f a c e  r u n o f f .  S u b s e q u e n t  c h e c k i n g  a n d  
c r a c k i n g  m a y  c a u s e  c o n s i d e r a b l e  i n j u r y  t o  t h e  c o r n  r o o t s  a s  w e l l  a s  i n ­
c r e a s e  e v a p o r a t i o n  l o s s e s .  T h e s e  u n d e s i r a b l e  e f f e c t s ,  w h i c h  m a y  r e s u l t  
w h e n  t h e  s o i l  c r u s t s  o v e r ,  c h e c k s ,  a n d  c r a c k s ,  c o u l d  b e  p r e v e n t e d  o r  
o v e r c o m e ,  a t  l e a s t  i n  p a r t ,  b y  p r o p e r  c u l t i v a t i o n .  
T h o r o  s e e d b e d  p r e p a r a t i o n  r e d u c e s  t h e  a m o u n t  o f  c u l t i v a t i o n  n e c ­
e s s a r y  f o r  s u c c e s s f u l  c o r n  p r o d u c t i o n .  S u c h  p r e p a r a t i o n  m a k e s  s o i l  
c o n d i t i o n s  m o r e  f a v o r a b l e  f o r  g e r m i n a t i o n  a n d  g r o w t h ;  t h e n ,  t o o ,  
w e e d s  a r e  l i k e l y  t o  b e  l e s s  t r o u b l e s o m e  s i n c e  m a n y  a r e  d e s t r o y e d  b e f o r e  
t h e  c o r n  i s  p l a n t e d .  I n  e x p e r i m e n t s  a t  U r b a n a  g o o d  s e e d b e d  p r e p a r a ­
t i o n  o n  a  b r o w n  s i l t  l o a m  s o i l  g a v e  a n  a v e r a g e  i n c r e a s e  o v e r  a  n i n e ­
y e a r  p e r i o d  o f  1 3 . 7  b u s h e l s  o f  c o r n  a n  a c r e .  
T h e  v a l u e  o f  s e e d b e d  p r e p a r a t i o n  v a r i e s  w i d e l y  w i t h  d i f f e r e n t  s o i l s .  
T h o s e  t h a t  f o r  o n e  r e a s o n  o r  a n o t h e r  a r e  m o r e  d i f f i c u l t  t o  g e t  a n d  t o  
k e e p  i n  g o o d  s h a p e  w o u l d  a p p e a r  t o  b e  i n  g r e a t e r  n e e d  o f  m o r e  t h o r o  
p r e p a r a t i o n .  T h i s  i s  p a r t i c u l a r l y  t r u e  o f  f i n e - t e x t u r e d  s o i l s  t h a t  a r e  
d e f i c i e n t  i n  o r g a n i c  m a t t e r  o r  i n a d e q u a t e l y  d r a i n e d .  
N o  E x t r a  C u l t i v a t i o n  N e e d e d  i n  D r y  Y e a r s  
T h e  c o m m o n  a s s u m p t i o n  t h a t  t h e  d r i e r  t h e  y e a r  t h e  g r e a t e r  t h e  n e e d  
f o r  c u l t i v a t i o n  h a s  n e v e r  b e e n  p r o v e d ,  w h e n  t h e  y i e l d  o f  t h e  c r o p  h a s  
b e e n  t a k e n  a s  t h e  s t a n d a r d  o f  m e a s u r e m e n t .  T h e r e  i s ,  o n  t h e  o t h e r  h a n d ,  
s o m e  e v i d e n c e  w h i c h  t e n d s  t o  d i s c r e d i t ,  i f  n o t  t o  d i s p r o v e ,  t h i s  t e a c h i n g .  
D u r i n g  t h e  f o u r  y e a r s  w h e n  t h e  r a i n f a l l  w a s  b e l o w  t h e  n i n e - y e a r  
a v e r a g e ,  c u l t i v a t i o n  i n c r e a s e d  t h e  y i e l d  b u t  o n c e  ( F i g .  2 ) .  T h i s  o n e  
i n c r e a s e  w a s  f o r  f i r s t - y e a r  c o r n  i n  1 9 1 0 .  E v e n  t h o  i t  a m o u n t e d  t o  1 4 . 8  
b u s h e l s  a n  a c r e ,  i t  w a s  m u c h  m o r e  t h a n  o f f s e t  b y  t h e  s e v e n  c a s e s  o f  
r e d u c e d  y i e l d  t o t a l i n g  5 8 . 8  b u s h e l s .  T h u s  i n  e i g h t  c o m p a r i s o n s  i n v o l v ­
i n g  b o t h  f i r s t - a n d  s e c o n d - y e a r  c o r n  d u r i n g  f o u r  y e a r s  w h e n  t h e  r a i n ­
f a l l  w a s  d e f i c i e n t  i n  t h e  g r o w i n g  p e r i o d ,  c u l t i v a t i o n  c a u s e d  a  t o t a l  n e t  
r e d u c t i o n  o f  4 4  b u s h e l s  o f  c o r n  a n  a c r e  c o m p a r e d  w i t h  s c r a p i n g .  T h e  
a v e r a g e  y e a r l y  d e c r e a s e  f o r  c u l t i v a t i o n ,  t h e r e f o r e ,  i s  5 . 5  b u s h e l s  o f  
c o r n  a n  a c r e .  
T h e s e  r e s u l t s  s h o w  t h a t  n o  d e f i n i t e  v a l u e  c a n  b e  a t t r i b u t e d  t o  t h e  
s o i l  m u l c h  f o r m e d  a s  a  r e s u l t  o f  c u l t i v a t i o n  f o r  w e e d  c o n t r o l .  S i n c e  
w e e d  g r o w t h  i n  c o r n  i s  f a v o r e d  b y  w e t  c o n d i t i o n s ,  t h e  n e e d  o f  c u l t i v a ­
t i o n  i s  g r e a t e r  i n  w e t  t h a n  i n  d r y  y e a r s .  
7 Why Cultivate Corn 
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Illinois tests give no evidence that cultivation consistently increases corn 
yields. In fact it appears, on the whole, to have reduced yields, especially in 
dry years. This chart shows how yields on cultivated plots (C) and on 
scraped plots (5) varied during nine years of varying rainfall. Black bar 
shows rainfall between April 1 and August 31 each year; the dotted line 
shows the average rainfall during this period. Fig. 2 
Excessive Cultivation Does Not Pay 
On soils where the seedbed has been well prepared, there is little 
or no valu.e in cultivating more frequently than is necessary to kill 
weeds. Thus the cultivation needs of corn vary chiefly with the amount 
of weed growth, which is usually greater in wet than in dry seasons. 
Where the corn is planted on thoroly prepared land and is reasonably 
free from weeds, cultivation becomes a questionable practice except 
for heavy soils, which tend to run together, crust over, and check. 
These often require more cultivation than is needed to control weeds. 
Ordinarily it does not pay to cultivate corn more than two, or 
U n m o l e s t e d  g r o w t h  o f  w e e d s  s t u n t e d  t h i s  c o r n  b a d l y .  T h e  p l o t  y i e l d e d  o n l y  
7 . 4  b u s h e l s  o f  c o r n  a n  a c r e  a s  a n  a v e r a g e  o f  n i n e  y e a r s .  F i g .  3  
p o s s i b l y  t h r e e ,  t i m e s .  E x t r a  c u l t i v a t i o n s  w o u l d  p r o b a b l y  n o t  i n c r e a s e  
t h e  y i e l d  e n o u g h  t o  w a r r a n t  t h e i r  e x p e n s e .  A f t e r  t h e  c o r n  i s  l a i d  b y ,  
c u l t i v a t i o n  w o u l d  b e  o f  v a l u e  o n l y  i f  i t  w e r e  d o n e  t o  k e e p  d o w n  t h e  
w e e d s ,  n o t  t o  f o r m  a  s o i l  m u l c h  t o  c o n s e r v e  m o i s t u r e .  L a t e  c u l t i v a t i o n ,  
h o w e v e r ,  e v e n  t o  c o n t r o l  w e e d s ,  s e l d o m  i n c r e a s e s  c o r n  y i e l d s ,  n o  d o u b t  
b e c a u s e  a n y  g o o d  e f f e c t  r e s u l t i n g  f r o m  w e e d  c o n t r o l  i s  o f f s e t  b y  s o m e  
i n j u r y  t o  t h e  c o r n  r o o t s .  
S u m m a r y  o f  F i n d i n g s  
T h e  d e s t r u c t i o n  o f  w e e d s  i s  t h e  p r i n c i p a l  o b j e c t  o f  c o r n  c u l t i v a t i o n  
a n d  i t s  g r e a t e s t  v a l u e .  I n  t h i s  c l i m a t e  w e e d y  c o r n  p r o b a b l y  s u f f e r s  
m o r e  f r o m  l a c k  o f  n u t r i e n t s  t h a n  f r o m  t o o  l i t t l e  m o i s t u r e .  
B e s i d e s  i n c r e a s i n g  c o r n  y i e l d s ,  t h o r o  s e e d b e d  p r e p a r a t i o n  r e d u c e s  
t h e  a m o u n t  o f  c u l t i v a t i o n  n e c e s s a r y  f o r  s u c c e s s f u l  c o r n  p r o d u c t i o n .  
C o r n  p l a n t e d  o n  w e l l - p r e p a r e d  g r o u n d  n o t  o n l y  h a s  t h e  a d v a n t a g e  o f  
m o r e  f a v o r a b l e  s o i l  c o n d i t i o n s  f o r  g e r m i n a t i o n  a n d  g r o w t h  b u t  a l s o  
h a s  l e s s  c o m p e t i t i o n  f r o m  w e e d s  s i n c e  m a n y  w e r e  d e s t r o y e d  w i t h  
p r o p e r  s e e d b e d  p r e p a r a t i o n .  
S i n c e  c u l t i v a t i o n  i s  t h e  o n l y  p r a c t i c a l  m e t h o d  o f  c o n t r o l l i n g  w e e d s ,  
t h e  d e p t h  a n d  f r e q u e n c y  o f  c o r n  c u l t i v a t i o n  s h o u l d  b e  d e t e r m i n e d  b y  
t h e i r  g r o w t h .  T h e  g r o w t h  o f  w e e d s  s h o u l d  b e  p r e v e n t e d  i n  s o  f a r  a s  
p o s s i b l e  b y  s h a l l o w  r a t h e r  t h a n  b y  d e e p  c u l t i v a t i o n .  
D e e p  c u l t i v a t i o n  o f  c o r n  m a y  r e s u l t  i n  r o o t  i n j u r y  a n d  d e c r e a s e d  
y i e l d s .  T h e  e f f e c t  o f  e x c e s s i v e  a n d  d e e p  c u l t i v a t i o n  s e e m s  c o m p a r a b l e  
t o  t h a t  o f  a c t u a l  r o o t  p r u n i n g .  P r o p e r  c u l t i v a t i o n  s h o u l d  k i l l  t h e  w e e d s  
Moderate cultivation controlled the weeds and thereby prevented them from 
competing with the corn for nutrients, moisture, light, and space. The corn 
yield was 43.3 bushels an acre as an average of nine years. Fig. 4 
with minimum injury to the corn roots; obviously, this is more easily 
accomplished when the weeds are small. 
Cultivation after the corn is laid by may be of value for weed con­
trol but not for moisture conservation thru the maintenance of a soil 
mulch. Since some injury to the corn roots is inevitable with any effec­
tive method of late cultivation to control weeds, corn yields are seldom 
increased by this practice. 
The need for ~ultivation seems to be no greater in dry than in wet 
Scraping got rid of the weeds without forming a mulch. Thus the corn 
could use the entire surface layer of soil as a feeding zone. The nine-year 
average yield was 48.9 bushels of corn an acre. Fig. 5 
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y e a r s ;  i t  m a y ,  i n  f a c t ,  b e  l e s s .  H o w e v e r ,  o n  h e a v y  s o i l s  w h i c h  c h e c k  
b a d l y ,  c u l t i v a t i o n  m a y  b e  n e c e s s a r y  i n  o r d e r  t o  f i l l  t h e  l a r g e  c r a c k s  a n d  
t h u s  s t o p  t h e  d i r e c t  l o s s  o f  m o i s t u r e  f r o m  t h e  d e e p e r  s t r a t a .  
T h e  d a t a  a n d  b r i e f  d i s c u s s i o n s  p r e s e n t e d  i n  t h i s  c i r c u l a r  a r e  i n ­
t e n d e d  t o  b e  o f  a s s i s t a n c e  i n  d e v e l o p i n g  t h e  p r i n c i p l e s  u n d e r l y i n g  t h e  
s u c c e s s f u l  c u l t i v a t i o n  o f  c o r n  a n d  a r e  n o t  i n t e n d e d  a s  r e c o m m e n o a ­
t i o n s  o f  s p e c i f i c  m e t h o d s  o r  p a r t i c u l a r  i m p l e m e n t s .  
R E V I E W  O F  I L L I N O I S  E X P E R I M E N T S  
T h r e e  s e r i e s  o f  e x p e r i m e n t s  a t  U r b a n a ,  t e s t i n g  t h e  v a l u e  o f  c o r n  
c u l t i v a t i o n ,  w e r e  r e p o r t e d  i n  d e t a i l  i n  B u l l e t i n  2 5 9  o f  t h e  I l l i n o i s  S t a ­
t i o n ,  p r i n t e d  i n  1 9 2 5 .  S i n c e  t h a t  b u l l e t i n  i s  n o  l o n g e r  a v a i l a b l e ,  a  b r i e f  
r e s u m ' e  o f  t h e s e  e x p e r i m e n t s  i s  i n c l u d e d  h e r e .  
E a r l y  E x p e r i m e n t s  a t  U r b a n a  
E x p e r i m e n t s  t o  d e t e r m i n e  t h e  v a l u e  o f  c u l t i v a t i o n ,  i t s  b e s t  d e p t h  
a n d  f r e q u e n c y ,  a n d  t h e  e f f e c t  o f  r o o t  p r u n i n g  w e r e  f i r s t  b e g u n  b y  
M o r r o w  a n d  H u n t  i n  1 8 8 8 .  T h e s e  e x p e r i m e n t s  w e r e  c o n t i n u e d  t h r u  
1 8 9 3 ,  a t  w h i c h  t i m e  G a r d n e r  d r e w  t h e s e  c o n c l u s i o n s :  
T h e r e  s e e m s  t o  b e  n o  a d v a n t a g e  i n  c u l t i v a t i n g  m o r e  f r e q u e n t l y  t h a n  
i s  n e c e s s a r y  t o  d e s t r o y  w e e d s  a n d  k e e p  t h e  g r o u n d  m o d e r a t e l y  p o r o u s .  
S h a l l o w  c u l t i v a t i o n  h a s  n e v e r  f a i l e d  t o  p r o d u c e  a n  i n c r e a s e  i n  y i e l d  
o v e r  t h a t  o f  d e e p  c u l t i v a t i o n .  
R o o t  p r u n i n g  h a s  n e v e r  f a i l e d  t o  r e d u c e  t h e  y i e l d  i n  a  m a r k e d  d e g r e e .  
T a b l e  I . - C U L T I V A T I O N  A N D  R O O T  P R U N I N G  O F  C O R N  

U r b a n a ,  1 8 8 8 - 1 8 9 3  

( Y i e l d s  a r e  g i v e n  i n  b u s h e l s  p e r  a c r e )  

F o u r - F i v e -
S i x -
P e r c e n t  o f  
P l o t  K i n d  o f  c u l t i v a t i o n  
y e a r  
a v e r a g e  
y e a r  
a v e r a g e  
y e a r  
a v e r a g e  
P l o t  2  
y i e l d s
a  
b u .  b u .  
b u .  p e r c / .  
N o n e ,  w e e d s  k e p t  d o w n  b y  s c r a p i n g  w i t h  h o e  . . . . .  ,  
7 2 . 9  6 8  . 3  6 6 . 2  9 6 . 9  
2  
S h a l l o w ,  4  o r  5  t i m e s . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5 . 9  7 0 . 3  
6 8  . 3  1 0 0  . 0  
3  D e e p ,  4  o r  5  t i m e s  . . .  .  . . . . . . . . . . . . . . . . . . . . . . . .  .  .  
7 0  . 8  6 6  . 7  6 6 . 2  9 6 . 9 ·  
4  
S h a l l o w ,  1 2  t o  1 4  t i m e s .  . . . . . . . . . . . . . . . . . . . . . . . . .  7 2 . 8  1 0 3  . 6  
5  D e e p ,  1 2  t o  1 4  t i m e s  . .  .  . . . . . . . . . . .  . . . . .  .  . . . . . . . .  
6 4 . 5  9 1 . 7  
6  
7  
R o o t s  u n p r u n e d ,  s h a l l o w ,  o r d i n a r y . . .  . . . . . . . . . . .  . .  
R o o t s  p r u n e d  w i t h  k n i f e ,  s h a l l o w ,  o r d i n a r y  . . . . . .  .  .  
8 4 . 1  
6 8  . 2  
7 5 . 8  
6 4 . 2  
7 4 . 8  
6 1 . 6  
1 0 9 . 5  
9 0 . 2  
8  
9  
R o o t s  u n p r u n e d ,  w e e d s  s c r a p e d  o f f  w i t h  h o e  . . . . .  . .  
R o o t s  p r u n e d  w i t h  k n i f e ,  w e e d s  s c r a p e d  o f f  w i t h  h o e  . .  
8 0 . 7  
6 3 . 8  
1 0 6 . 3  
8 4 . 1  
a  T h e s e  p e r c e n t a g e s  a r e  b a s e d  o n  y i e l d s  f o r  a l l  i d e n t i c a l  y e a r s :  s i x  y e a r s  i n  s o m e  c a s e s ,  
f i v e  y e a r s  i n  o t h e r s ,  a n d  f o u r  y e a r s  i n  o t h e r s . ­
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The results of these early experiments are summarized in Table 1. 
Where the weeds were kept down by scraping with a hoe without 
producing a mulch ( Plot 1) the yield as a six-year average was 96.9 
percent of that for ordinary, shallow cultivation ( Plot 2). This was a 
differen,ce of 2.1 bushels an acre in favor of cultivation. Deep cultiva­
tion practiced four or five times (Plot 3) also gave a 96.9 percent 
yield, or 2.1 bushels less than shallow cultivation. 
As a five-year average, twelve to fourteen shallow cultivations dur­
ing the season ( Plot 4) gave 103.6 percent yield, or an increase of 2.5 
bushels an acre over the usual number of shallow cultivations (Plot 2 ). 
The same number of deep cultivations (Plot 5) gave a 91.7 percent 
yield, or a decrease of 5.8 bushels an acre. Thus twelve to fourteen 
deep cultivations resulted in a decrease of 8.3 bushels an acre below the 
yield obtained with the same number of shallow cultivations. 
These decreases caused by deep cultivation are comparable to those 
that resulted from actual root pruning in another part of the same 
experiment (Plots 6 to 9 ) . A frame 12 inches square was placed over 
the hills on Plots 7 and 9 and a knife run around the outside to a depth 
of 4 inches, cutting the roots to that depth. Where ordinary shallow 
cultivation was practiced, this pruning resulted in a decrease of 13.2 
bushels an acre as an average of six years (compare P lots 6 and 7); 
but where the weeds were removed by scraping with a hoe ( Plots 8 
and 9 ) instead of by shallow cultivation, the yield was diminished 16.9 
bushels an acre as an average of four years. 
Earlier Results Confirmed 
So contrary to popular belief were the results obtained by Morrow 
and Hunt that in 1907 Mosier began a second series of experiments to 
test them. He also obtained information on the damage done by weeds 
and the value of seedbed preparation and irrigation. 
The results of these experiments not only confirm those of the 
earlier series but add further information on the reason for cultivating 
corn (Table 2). 
Plan of experiments. The soil on which these experiments were 
conducted is Flanagan silt loam, a dark-colored soil formed from shal­
low loess on glacial till of Wisconsin age. The soil is fairly representa­
tive of the gently undulating areas of the corn belt in east-central 
Illinois. Tho the field had been farmed for fifty years or more, no 
fertilizer, except possibly barnyard manure, had been applied. 
A four-year rotation of corn, corn, oats, and red clover was prac­
ticed. The cornstalks and both crops of clover were removed. In 1912 
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T a b l e  2 . - T I L L A G E  E X P E R I M E N T S  W I T H  C O R N  

F l a n a g a n  s i l t  l o a m ,  U r b a n a ,  1 9 0 7 - 1 9 1 5  

( Y i e l d s  a r e  g i v e n  i n  b u s h e l s  p e r  a c r e ;  a v e r a g e  o f  t w o  p l o t s  e a c h  y e a r )  

P e r c e n t  o f  P l o t  4  y i e l d s  
N i n e - y e a r  F i v e - y e a r  - - - - - - - - ­
P l o t  T r e a t m e n t  
a v e r a g e  a v e r a g e
a  
N i n e - y e a r  F i v e - y e a r  
a v e r a g e  .  a v e r a g e  
b u .  b u .  
p e r c t .  p e r c t .
N o t  p l o w e d  o r  c u l t i v a t e d ,  w e e d s  k e p t  d o w n  b y  
s c r a p i n g  w i t h  h o e  . .  . . . . . . . . . . . . . . . . . . . . . . . .  3 5 . 2  
3 8 . 3  8 1 . 3  
8 0 . 5  

( P l o t s  2  t o  5  w e r e  p l o w e d  a n d  s e e d b e d  p r e p a r e d )  
2  
N o  c u l t i v a t i o n ,  w e e d s  k e p t  d o w n  b y  s c r a p i n g  
w i t h  a  h o e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 8 . 9  
5 4 . 4  
1 1 2 . 9  
1 1 4 . 3  
3 S  
W e e d s  a l l o w e d  t o  g r o w . . . . . . . . . . . . . . . . .  . . . . .  . . .  
7 . 4  7 . 9  
1 7 . 1  1 6 . 6  

3 N  W e e d s  allow~d t o  g r o w ,  i r r i g a t e d  .  . . . . . . .  .  .  .  . . .  .  .  1 0 . 4  2 1 . 8  

4  
S h a l l o w  c u l t i v a t i o n  3  t i m e s  . . . . . . . . . . . . . . .  . . . . . .  4 3 . 3  4 7 . 6  
1 0 0 . 0  1 0 0 . 0  

5  
S h a l l o w  c u l t i v a t i o n  3  t i m e s ,  i r r i g a t e d  .  . . . .  
5 0 . 2  5 6 . 8  1 1 5 . 9  
1 1 9 . 3  

a  1 9 1 1  t o  1 9 1 5 .  
a n d  1 9 1 4  t h e  c l o v e r  f a i l e d  a n d  s o y b e a n s  w e r e  g r o w n  i n s t e a d .  T h e  
c u l t i v a t i n g  w a s  d o n e  w i t h  a  t h r e e - s h o v e l  c u l t i v a t o r  t i l l  1 9 1 2 ,  a n d  a f t e r  
t h a t  a  s u r f a c e  c u l t i v a t o r  w a s  u s e d .  O n  t h e  i r r i g a t e d  p l o t s  t h e  w a t e r  
w a s  a p p l i e d  b y  t h e  f u r r o w  m e t h o d ,  i n d i v i d u a l  a p p l i c a t i o n s  b e i n g  e q u a l  
t o  a b o u t  o n e  i n c h  o f  r a i n f a l l .  A f t e r  i t  w a s  a b s o r b e d  a n d  t h e  s o i l  w a s  
d r y  e n o u g h ,  t h e  f u r r o w s  w e r e  p a r t l y  f i l l e d  w i t h  l o o s e  s o i l  t o  p r e v e n t  
e x c e s s i v e  e v a p o r a t i o n .  
C o m p a r i s o n s  a n d  c o n c l u s i o n s .  T h e  p l o t  t h a t  w a s  p l o w e d ,  p r e ­
p a r e d ,  a n d  c u l t i v a t e d  t h r e e  t i m e s  ( P l o t  4 )  i s  t a k e n  a s  t h e  s t a n d a r d  
f o r  c o m p u t i n g  t h e  r e l a t i v e  y i e l d s  s h o w n  i n  t h e  l a s t  t w o  c o l u m n s  o f  
T a b l e  2 .  
T h e  p l o t  w h i c h  w a s  n e i t h e r  p l o w e d  n o r  p r e p a r e d  ( P l o t  1 )  y i e l d e d  
3 5 . 2  b u s h e l s  a n  a c r e  a s  a n  a v e r a g e  o f  t h e  n i n e  y e a r s ,  o r  8 1 . 3  p e r c e n t  a s  
m u c h  a s  t h e  s t a n d a r d  p l o t  ( P l o t  4 ) .  W h e r e  a  g o o d  s e e d b e d  h a d  b e e n  
p r e p a r e d  a n d  t h e  w e e d s  w e r e  k e p t  d o w n  b y  s c r a p i n g  ( P l o t  2 )  t h e  p e r ­
c e n t a g e  y i e l d  w a s  1 1 2 . 9 ,  t h e  a c t u a l  y i e l d  4 8 . 9  b u s h e l s .  G o o d  s e e d b e d  
p r e p a r a t i o n  w a s  a p p a r e n t l y  r e s p o n s i b l e  f o r  t h e  i n c r e a s e  o f  1 3 . 7  
b u s h e l s  a n  a c r e .  
T h e  e f f e c t  o f  w e e d s  o n  t h e  c o r n  c r o p  i s  s h o w n  b y  P l o t  3 .  T h e  
a v e r a g e  c o r n  y i e l d  f r o m  t h e  s o u t h  h a l f ,  w h e r e  w e e d s  w e r e  a l l o w e d  
t o  g r o w ,  w a s  o n l y  1 7 . 1  p e r c e n t  a s  m u c h  a s  t h a t  o f  P l o t  4 ,  t h e  y e a r l y  
y i e l d  v a r y i n g  f r o m  0  t o  1 6  b u s h e l s .  T h e s e  r e s u l t s  m a k e  i t  c l e a r  t h a t  
c o r n  c a n n o t  t h r i v e  w i t h  w e e d s .  
T o  f i n d  o u t  w h e t h e r  i t  w a s  l a c k  o f  m o i s t u r e  t h a t  c a u s e d  t h e  l o w  
y i e l d s  w h e r e  w e e d s  a n d  c o r n  w e r e  g r o w n  t o g e t h e r ,  P l o t  3  w a s  
d i v i d e d  i n  1 9 1 1 .  T h e  n o r t h  h a l f  W a s  i r r i g a t e d  o f t e n  e n o u g h  t o  k e e p  
13 Why Cultivate Corn 
the soil abundantly supplied with moisture. As an average of five 
years the yield of corn was increas~d only 2.5 bushels an acre. Thus 
it appears that the damage done by weeds is due not to the mois­
ture they take out of the soil, but to some other cause or causes. 
It is important to compare very carefully Plots 2 and 5 with the 
standard plot (Plot 4). 
Plot 2, uncultivated, produced an average of 5.6 bushels more corn 
to the acre than Plot 4; but the fact should be emphasized that this 
increase was obtained only by keeping the weeds down. Plot 5, culti­
vated and supplied with all the moisture that was necessary, produced 
only 1.3 bushels more than Plot 2, which was both uncultivated and 
unirrigated but on which the weeds were kept down by scraping. 
(During the nine years irrigation gave an increase in yield five years, 
including the four years when the rainfall was below the nine­
year average.) 
The fact that the uncultivated corn produced so well in comparison 
with the cultivated - also in comparison with the cultivated and irri.­
gated - shows that cultivation to conserve moisture is of decidedly 
secondary importance in this climate on our dark-colored corn-b€lt 
soils. On Plot 2 the crop could use all the plowed soil as a feeding 
ground, while on Plots 4 and 5 probably half the plowed soil was so 
disturbed by cultivation that the roots of the corn were either injured 
or could not develop in the stirred portion because of its dry, loose 
character. This was especially true on Plot 4 during dry seasons. 
Consequently the nutrients in the stirred soil were of little benefit 
to the crop. 
The logical conclusion is that the cultivated soil is of much 
greater value for the plant nutrients it contains than for the mois­
ture it may conserve. 
Third Series of Experiments 
The purpose of a third series of experime~ts was to study still 
further the effect on corn yields of weeds growing unmolested; of 
surface scraping to eradicate weeds without the formation of a mulch; 
and of shallow cultivation with blade and shovel cultivators. These 
experiments were conducted from 1916 to 1921 inclusive on the 
Roland farm, Urbana, which is now a part of the Stadium field. 
Studies were made on both fertilized and unfertilized plots arranged 
in four series of six plots each (Table 3). The individual plots were 
about 1/ 36 acre in size. 
The soil on which these experiments were conducted is Flanagan 
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T a b l e  3 . - C U L T I V A T I O N  E X P E R I M E N T S  W I T H  C O R N  O N  

F E R T I L I Z E D  A N D  U N F E R T I L I Z E D  P L O T S  

F l a n a g a n  s i l t  l o a m ,  U r b a n a ,  1 9 1 6 - 1 9 2 1  

( Y i e l d s  a r e  g i v e n  i n  b u s h e l s  p e r  a c r e ;  a v e r a g e  o f  t w o  p l o t s  e a c h  y e a r )  
P e r c e n t  o f  y i e l d s  o f  
S i x - y e a r  s h o v e l - c u l t i v a t e d  p l o t s
b  
P l o t  
T r e a t m e n t s  
a v e r a g e  
U n f e r t i l i z e d  F e r t i l i z e d  
b u .  
p e r c / .  p e r c t .  
1  W e e d s  a l l o w e d  t o  g r o w .  u n f e r t i l i z e d  .  
7 . 0  
1 3  .  7  
2  W e e d s  a l l o w e d  t o  g r o w .  f e r t i l i z e d  .  
1 1 .  6  1 9 . 5  
3  S c r a p e d  w i t h  h o e .  u n f e r t i l i z e d  . .  
.  .  .  .  .  .  .  .  .  .  .  5 3 . 3  1 0 4 . 3  
4  S c r a p e d  w i t h  h o e .  f e r t i l i z e d  .  
5 5  . 6  9 3 . 4  
5 N  C u l t i v a t e d  w i t h  b l a d e s .  u n f e r t i l i z e d  . .  .  
5 3 . 0  1 0 3 . 7  

5 S  C u l t i v a t e d  w i t h  s h o v e l s .  u n f e r t i l i z e d  . .  .  5 1 . 1  
1 0 0 . 0  

6 N  C u l t i v a t e d  w i t h  b l a d e s .  f e r t i l i z e d  
5 8  .  1  9 7  . 6  
6 S  C u l t i v a t e d  w i t h  s h o v e l s .  f e r t i l " i z e d  . . . .  
. .  .  . . . . . . . .  
5 9  . 5  
1 0 0 . 0  
a  T h e  f e r t i l i z e d  p l o t s  ( 2 .  4 .  a n d  6 )  r e c e i v e d  m a n u r e  i n  p r o p o r t i o n  t o  t h e  c r o p s  r e m o v e d  ­
w h i c h  w a s  a n  a m o u n t  e q u a l  t o  t h e  w e i g h t  o f  a l l  c o r n  ( g r a i n ) ,  o a t s  ( g r a i n  a n d  s t r a w ) ,  a n d  
c l o v e r  ( h a y  a n d  s e e d )  t a k e n  f r o m  e a c h  p l o t .  T h e  m a n u r e  w a s  a p p l i e d  i n  t h e  s p r i n g  p r e c e d i n g  
s e c o n d - y e a r  c o m .  O n e  t o n  o f  r o c k  p h o s p h a t e  a n  a c r e  a n d  2  t o n s  o f  l i m e s t o n e  w e r e  a p p l i e d  
o n c e  i n  t h e  r o t a t i o n :  i n  t h e  f a l l  o r  e a r l y  w i n t e r  p r e v i o u s  t o  t h e  1 9 1 6  a n d  1 9 2 0  c r o p s .  
b  T h e  p e r c e n t a g e s  i n  t h e s e  t w o  c o l u m n s  a r e  n o t  d i r e c t l y  c o m p a r a b l e  b e c a u s e  o f  t h e  w i d e  
d i f f e r e n c e s  i n  t h e  a c t u a l  y i e l d s  o f  t h e  s t a n d a r d  p l o t s  ( 5 5  a n d  6 5 ) .  
s i l t  l o a m ,  t h e  s a m e  t y p e  a s  u s e d  f o r  t h e  c u l t i v a t i o n  e x p e r i m e n t s  w h i c h  
r a n  f r o m  1 9 0 7  t o  1 9 1 5 .  A  f o u r - y e a r  r o t a t i o n  o f  c o r n ,  c o r n ,  o a t s ,  a n d  
s w e e t  c l o v e r  w a s  p r a c t i c e d ,  w i t h  s o y b e a n s  a s  a  s u b s t i t u t e  c r o p  w h e n  t h e  
c l o v e r  f a i l e d .  A l l  c o r n  p l o t s  w e r e  d i s k e d ,  p l o w e d ,  p r e p a r e d ,  a n d  
p l a n t e d  i n  t h e  s a m e  m a n n e r .  
W e e d s  w e r e  a l l o w e d  t o  g r o w  o n  t w o  p l o t s  ( 1  a n d  2 ) .  O n  t w o  
o t h e r  p l o t s  ( 3  a n d  4 )  t h e y  w e r e  k e p t  d o w n  b y  s c r a p i n g  w i t h  a  s h a r p  
h o e  w i t h o u t  f o r m i n g  a  m u l c h .  O n  t w o  o t h e r  p l o t s  ( 5  a n d  6 )  t h e  c o r n  
w a s  g i v e n  t h r e e  o r  f o u r  s h a l l o w  c u l t i v a t i o n s ,  a  b l a d e  c u l t i v a t o r  b e i n g  
u s e d  o n  t h e  n o r t h  h a l f  a n d  a  3 - s h o v e l  c u l t i v a t o r  o n  t h e  s o u t h  h a l f  o f  
e a c h  p l o t .  T h e  a v e r a g e  d e p t h  o f  c u l t i v a t i o n  w a s  a b o u t  1  t o  1  Y z  i n c h e s  
w i t h  b l a d e s  a n d  2  t o  3  i n c h e s  w i t h  s h o v e l s .  
S i n c e  t h e y  r e c e i v e d  n o  r e s i d u e s ,  m a n u r e ,  p h o s p h a t e ,  o r  l i m e s t o n e ,  
P l o t s  1 ,  3 ,  a n d  5  c a n  b e  c o m p a r e d  w i t h  P l o t s  2 ,  4 ,  a n d  6  t o  s h o w  t h e  
r e s u l t  o f  f e r t i l i t y  t r e a t m e n t s .  T h e  t h r e e  l a t t e r  p l o t s  r e c e i v e d  m a n u r e  
i n  p r o p o r t i o n  t o  t h e  c r o p s  r e m o v e d ,  p l u s  1  t o n  o f  r o c k  p h o s p h a t e  a n  
a c r e  a n d  2  t o n s  o f  l i m e s t o n e  o n c e  i n  t h e  r o t a t i o n .  T h e  y i e l d s  o f  t h e  
s h o v e l - c u l t i v a t e d  p l o t s  (  P l o t s  5 S  a n d  6 S )  a r e  t a k e n  a s  t h e  b a s i s  f o r  
c o m p u t i n g  t h e  r e l a t i v e  y i e l d s  o f  t h e  v a r i o u s  o t h e r  p l o t s .  
T h e  f e r t i l i z e d  p l o t s ,  a s  m i g h t  b e  e x p e c t e d ,  a l w a y s  g a v e  h i g h e r  
y i e l d s  a s  a  s i x - y e a r  a v e r a g e  t h a n  t h e  c o r r e s p o n d i n g  u n f e r t i l i z e d  p l o t s .  
T h e  f e r t i l i t y  t r e a t m e n t  g a v e  a n  a . p p a r e n t  i n c r e a s e  o f  4 . 6  b u s h e l s  o f  
c o r n  p e r  a c r e  o n  t h e  w e e d y  p l o t  ( P l o t  2 ) ,  2 . 3  b u s h e l s  o n  t h e  s c r a p e d  
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plot ( Plot 4), S.1 bushels on the blade-cultivated plot (Plot 6N), and 
8.4 bushels on the shovel-cultivated. plot ( Plot 6S). Even the largest 
increase is probably too small to show a profitable gain for the fer­
tilization used. 
The removal of weeds by scraping with a hoe increased the yield 
46.3 bushels an acre on the unfertilized plot (Plot 3 compared with 
Plot 1) ; it increased the yield 44 bushels on the fertilized plot (Plot 4 
compared with Plot 2). The yield of the unfertilized plot that was 
scraped ( Plot 3) was not significantly different from the unfertilized 
plot that was cultivated (Plot 5), indicating again that the greatest 
value of cultivation with either blades or shovels is to eradicate weeds. 
When fertilized, the plots cultivated with blades produced an aver­
age of 2.5 bushels an acre more than the scraped plots. Those cultivated 
with shovels produced 3.9 bushels more. While no great importance 
can be attached to these small differences, they suggest the possibility 
that corn plants growing on heavily fertilized soi l are less dependent 
on the natural fertility of the surface soil than are corn plants growing 
on unfertilized sailor that they have greater power of recovery from 
root injury caused by cultivation. 
CO N T R O L  O F  W E E D S  i s  t h e  m a i n  b e n e f i t  
t h a t  c o m e s  f r o m  t h e  c u l t i v a t i o n  o f  c o r n  i n  a  
h u m i d  c l i m a t e  l i k e  t h a t  o f  I l l i n o i s .  T h i s  i s  e s p e c i a l l y  
t r u e  w h e n  t h e  s e e d b e d  h a s  b e e n  w e l l  p r e p a r e d .  O n  
h e a v y  s o i l s  c u l t i v a t i o n  m a y  h e l p  t o  s a v e  m o i s t u r e  
s i n c e  i t  f i l l s  t h e  l a r g e  c r a c k s  t h a t  d e v e l o p  i n  d r y  
w e a t h e r .  
C u l t i v a t i o n  s h o u l d  a l w a y s  b e  a s  s h a l l o w  a s  p o s ­
s i b l e ,  e s p e c i a l l y  a f t e r  t h e  f i r s t  t i m e .  O t h e r w i s e  t h e  
r o o t s  a r e  l i k e l y  t o  b e  i n j u r e d  a n d  t h e  g r o w t h  o f  t h e  
p l a n t s  r e t a r d e d .  T h e  p l o w e d  l a y e r  i s  f a r  m o r e  v a l ­
u a b l e  a s  a  f e e d i n g  g r o u n d  f o r  t h e  c o r n  r o o t s  t h a n  
i t  i s  a s  a  m u l c h  t o  s l o w  d o w n  t h e  l o s s  o f  m o i s t u r e  
t h r u  e v a p o r a t i o n .  
T h i s  c i r c u l a r  e m p h a s i z e s  t h e  r e a s o n s  b e h i n d  t h e  
c u l t i v a t i o n  o f  c o r n ,  r a t h e r  t h a n  s p e c i f i c  p r a c t i c e s .  
A n  u n d e r s t a n d i n g  o f  t h e s e  r e a s o n s  i s  t h e  b e s t  g u i d e  
a  f a r m e r  c a n  h a v e  i n  d e c i d i n g  w h a t  i s  b e s t  i n  h i s  
p a r t i c u l a r  s i t u a t i o n .  
8 0 0 0 - 1 - 4 6 - 3 0 9 3 0  
